Nanofertilizers are new products which contain readily available nutrients in the nanoscale range and are preferred largely due to their efficiency. To investigate the effects of micronutrient nanofertilizers (iron and zinc) as F factor and nano-titanium dioxide (nano-TiO 2 ) solution as n factor on yield performance and some morphologic traits of barley, a field experiment was carried out with treating with chelated nanoscale zinc oxide (nano-ZnO) and ferric oxide (nano-Fe 2 O 3 ) suspensions during three phonological stages. The treatment combination by trait (TT) biplot was used for two-way dataset as various treatment combinations (Fn) with multiple traits. The GT biplot explained 83% of the total variation of the standardized data. The polygon view of TT showed five vertex treatment combinations as F1n1, F1n2, F2n2, F3n1, and F3n2. Therefore, it seems that F3n1 treatment combination had the highest values for all of the days to maturity, grain yield, straw yield, harvest index, spike length, number of fertile tillers, and grain weight per plant traits. The most prominent relations of tester-view biplot were: a strong positive association between days to maturity and straw yield and among grain yield, harvest index and spike length, while there was a near zero correlation of the number of tillers per plants with days to maturity and straw yield. It can be concluded that TiO 2 nanoparticles and nano-micronutrient fertilizers (iron nano-chelate and zinc nano-chelate) could increase yield and yield components of barley. Our findings suggest that the foliar application of nanoparticles resulted in sustainable and high crop production, and among six treatment combinations, F3n2 (zinc nano-chelate with 2000 ppm nano-TiO 2 ) indicated the best performance for most of the measured traits of barley.
INTRODUCTION
A balanced fertilization with macro-and micronutrients in crop nutrition is very imperative in good yield production. Of the micronutrients, iron is essential for crop growth and food production and is involved in the production of chlorophyll, photosynthesis, mitochondrial respiration, hormone biosynthesis, production and scavenging of reactive oxygen species, and osmo-protection (Haensch, Mendel, 2009 ). Also, it is a component of many important enzymes associated with some important issues such as energy transfer, nitrogen reduction and pathogen defense. Moreover, zinc is a necessary component of various enzyme systems for energy production, protein synthesis, it maintains the structural integrity of bio-membranes and growth regulation (Haensch, Mendel, 2009 ). The uptake of zinc is affected strongly by high levels of available phosphorus and iron in soils (Ghasemi-Fasaei, Ronaghi, 2008) . It seems that this type of antagonistic effect can be diminished by foliar application.
In recent years, some researchers tried to examine the potential of nanotechnology to improve efficiency of micronutrients uptake that result in the development of efficient new nanofertilizer delivery systems for field application (Naderi, Danesh-Shahraki, 2013; Rameshaiah, Jpallavi, 2015) . Nano-formulated fertilizers can release nutrients more slowly in cooperation with other fertilizers which may lead to improvement of nutrient use efficiency. Application of nanofertilizers may improve solubility and dispersion of insoluble nutrients in soil, reduce nutrient immobilization and increase bio-availability (Naderi, DaneshShahraki, 2013). Nanofertilizers can be easily absorbed by crops and may exhibit a prolonged effective duration of nutrient supply in soil/ crop compared to the conventional fertilizers (Rameshaiah, Jpallavi, 2015) . Zhang et al. (2006) studied the effects of slow release fertilizers cemented and coated by nanomaterials. It was found that nanocomposites were safe for seed germination, emergence, and seedling growth because they provide an efficient tool for regulated and timely delivery of nutrients to crops. The application of zinc nanofertilizer on pearl millet improved some properties such as shoot length, root length, root area, chlorophyll content, total soluble leaf protein, and plant dry biomass (Tarafdar et al., 2014) . In this study, the grain yield at crop maturity was improved by 37.7% due to application of zinc nanofertilizer.
Several investigations indicate that exogenous application of some nanoparticles can improve plant growth (Mandeh et al., 2012; Song et al., 2013) . Titanium dioxide nanoparticles (nano-TiO 2 ) are promising as an efficient nutrient source for crops to improve biomass production due to enhanced nitrogen assimilation, photo-reduction activities of photosystem II and electron transport chain, protecting the chloroplast membrane structure from reactive oxygen species (Morteza et al., 2013) . Also, nano-TiO 2 can improve utilization of native nutrients by promoting microbial activities (Raliya et al., 2015) .
In Iran, zinc and iron deficiencies are nutritional disorders in most of the crops grown in dry land conditions, and these nutrients are meaningfully involved in grain yield production. The deficiency of zinc and iron may occur frequently in semiarid regions, and so the present study was performed to improve understanding about the foliar application of nano-chelated iron and zinc fertilizers as well as nano-TiO 2 on yield and other important traits of barley.
MATERIALS AND METHODS
The treatments included factor micronutrient fertilizers (iron nano-chelate, zinc nano-chelate, and control) and foliar application of nano-titanium at two levels (without application and 2000 ppm). Micronutrient nanofertilizers were applied three times during initiation of the tillering stage, booting, and milky stage. Nano-titanium solution was sprayed on the plant leaves at the end of vegetative growth (double ridge stage) and during the inflorescence emergence. Treatments were applied according to randomization complete blocks design in factorial layout with three replicates. Nanotitanium (nTiO 2 ) was prepared from Pishgaman Nano, Iran, and nano-chelate fertilizers were obtained from Sepeher Parmis Company, Iran, which contained zinc oxide or iron oxide nanoparticles. Synthesized nanoparticles were characterized morphologically by transmission electron microscopy ( Fig. 1) . The yield and other traits, including plant height, number of fertile tillers, straw weight, panicle length, number of grains/panicle, 1000 grain weight and grain yield were measured.
The biplot analysis was done according to Model 2 (Transform=0) within-trait standard deviation standardized (Scale=1), and traitcentred (Centering=2). The polygon views were based on genotype-focused singular value partitioning (SVP=2), while the vector views were based on the trait-focused singular value partitioning and is, therefore, appropriate for visualizing the relationships among traits. The genotype by trait (GT) biplot model equation (Yan, Rajcan, 2002) for genotype by trait interaction biplot analysis is presented as follows:
where α ij is the mean value of landrace i for trait j, β j is the mean value of all landraces in trait j, σ ij is the standard deviation of trait j among the landrace means, λ n is the singular value for principal component n (PCn), ζ in and η jn are scores for landrace i and trait j on PCn, respectively, and ε ij is the residual associated with landrace i in trait j. To achieve symmetric scaling between the landrace scores and the trait scores, the singular value λ n has to be absorbed by the singular vector for landraces ζ in and that for traits η jn . That is, ζ . Because of n = 2, only PC1 and PC2 are retained in the model, and such a model tends to be the best for extracting pattern and rejecting noise from the data.
RESULTS AND DISCUSSION
The GT biplot for wheat dataset, based on Model 2, explained 83% of the total variation of the standardized data. This relatively high percentage reflects the complexity of the relationships among the measured traits of safflower. The first two principal components (PC1 and PC2) explained 69 and 14%, respectively. In the GT biplot, a vector is drawn from the biplot origin to each marker of the genotype to facilitate visualization of the relationships between and among the traits as well as treatment combinations. Based on Sabaghnia and Janmohammadi (2014b), the basic structure among the traits should be captured by the biplots for better interpretations. The polygon view of the GT biplot aids identifies treatment combinations with the highest values for one or more traits. For this target, the treatment combinations that are connected with straight lines so that a polygon is formed with all other traits contained within the polygon.
The biplot of Fig. 2 presents data of six treatment combinations in 15 different traits and this following information can be grasped: The vertex treatment combinations in this investigation are treatment combinations F1n1, F1n2, F2n2, F3n1, and F3n2. These treatment combinations are the best or the poorest treatment combinations in some or all of the traits since 100 nm 100 nm they had the longest distance from the origin of biplot. Therefore, it seems that F3n1 treatment combination had the highest values for all of the DM, SY, HI, SY, SD, SL, NFT, and GWP traits. The treatment combinations F3n1 and the other treatment combinations (F2n1) of this sector had good amounts for the abovementioned traits. The vertex treatment combinations F3n2 were good for DA and TGW traits, while the vertex treatment combinations F1n1 were good for PL and PH traits. The vertex treatment combinations F2n2 were good for CH, NGS, and NTP traits. The other vertex treatment combination (F1n2) and related sectors were not good performance for the measured traits (Fig. 2) .
Provided that the biplot model described a sufficient amount of the total variation (in this case, 83%), the correlation coefficient between any two traits is approximated by the cosine of the angle between their vectors (Yan, Rajcan, 2002). The correlation coefficients among the traits indicate that the biplot currently indicates relationship among the traits that had a relatively large loading on both PC1 and PC2. Therefore, the most prominent relations by this Fig. 3 are: a strong positive association between DM and SY; among CH, NGS and TGW; and among GY, HI, GWP, SD, NFT and SL; as indicated by the small obtuse angles between their vectors (r = cos 0 = +1). There was a near zero correlation between NTP with DM and SY as indicated by the near perpendicular vectors (r = cos90 = 0). There was a negative correlation between PH with CH, NGS and TGW traits; and between PL and DA traits (Fig. 3) as indicated by the near an angle of approximately 180 degrees (r = cos180 = -1). Most discrepancies of the biplot predictions and original data (Table) were expected because the biplot accounted for <100% of the total variation (83%).
In the context of GT biplot analysis, an ideal tester of a trait has been defined as the tester that combines several good treatment combinations in its genetic composition (Sabaghnia, Janmohammadi, 2014a ). According to Fig. 4 , the ideal trait is strongly related to as SY and DM traits following to TGW, DA, GY, HI, GWP, SD, NFT, and SL traits. It is interesting that the grain yield, straw yield, and harvest index exist in these traits. Therefore, these important traits must be regarded in the barley evaluation programs. On the other hand, the studied treatment combinations had good performances for obtain economic and commercial traits (GY, HI, and SY). Due to a large importance of F3n2 treatment combination (iron nano-chelate, zinc nano-chelate), this treatment combination was compared in the studied treatment combinations (Fig. 5) . The most related treatment combinations in this context are F2n1 and F2n2 treatment combinations. The importance of these treatment combinations, especially nano-titanium dioxide (TiO 2 ), application in obtaining good performance of barley is demonstrated, which is reported in other investigations ( Our results showed that foliar application of zinc nano-chelate with nano-titanium dioxide (TiO 2 ) could increase most of the important traits of barley such as grain yield, straw yield, thousand grain weight, and harvest index. Higher GTW indicates increased individual grain sink strength which can be depicted as the output of sink activity and sink size (Yang et al., 2003) . Nano-titanium dioxide (TiO 2 ) can enhance photosynthesis by promoting cyclic and linear photophosphorylation (Gao et al., 2013) and it can result in enhancement of carbohydrate production in leaves, and its positive effect on most traits of barley is in good agreement with the findings of Rezaei et al. (2015) . There are some compensating effects between grain number per spike and grain weight in the current study because application of nanofertilizers increased both traits and their effects appeared in higher grain yield.
According to Morteza et al. (2013) , foliar utilization of nano-Tio 2 can improve plant growth and grain yield by facilitating the manufacture of pigments and transformation of light energy to active electron and chemical activity and increases photosynthetic efficiency. It has been recognized that plants under optimum conditions tend to increase the duration of their development as much as possible which can result in improved leaf photosynthesis, light-use potential, and higher yield (Cui et al., 2015) . This study verified the previous reports that application of nanofertilizers (iron nano-chelate and zinc nano-chelate) and nano-Tio 2 considerably influenced the straw and grain yield. The results of our study suggested that yield and yield components of barley can be positively affected by nano-TiO 2 and nanofertilizers. The results of other studies demonstrated TiO 2 nanoparticle as an efficient photocatalyst by improving photosynthetic complexes (Klingenfuss, 2014; Raliya et al., 2015) , while evidence from this study suggested that this nanoparticle along with nanofertilizers (treatment combination F3n2 or zinc nano-chelate with 2000 ppm nano-TiO 2 ) can effectively influence characteristics of barley.
CONCLUSIONS
Nano-micronutrient fertilizers (iron nanochelate and zinc nano-chelate) stand out as one of the most useful materials due to their high efficiency, functionalities, convenient and easy applications. Also, it can be concluded that TiO 2 nanoparticles could increase yield and yield components of barley. Our findings suggest that the foliar application of nanoparticles resulted in sustainable and high crop production. Among six treatment combinations, F3n2 (zinc nano-chelate with 2000 ppm nanoTiO 2 ) indicated the best performance for most of the measured traits of barley. 
